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@ Melanoma associated antigenic polypeptide, epitopes thereof and vaccines against melanoma. 

@ The present invention describes a melanoma associated antigen known as gp100. Furthennore, 
peptides derived fonn said antigen are claimed. GplOO and its peptides can be used in vaccines for the 
treatment of melanoma. Another aspect of the invention are host cells capable of expression of gplOO 
or the gplOO-derived peptides. Furthenmor, tumor infiltrating lymphocytes (TIL's) specifically recogniz- 
ing gp100 are claimed, as are vaccines with these TIL's. 

Furthenriore, diagnostics for the detection of melanoma and for the monitoring of vaccination form 
part of the invention. 
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The present invention is concerned with cancer treatment and diagnosis, especially with a melanoma as- 
sociated antigen, epitopes thereof, vaccines against melanoma, tumour infiltrating T lymphocytes recognizing 
the antigen and diagnostics for the detection of melanoma and for the monitoring of vaccination. 

Tumor cells may emancipate themselves from restrictive growth control by oncogene activation, and/or 

5 by the inactlvation of tumor suppression genes. The course of tumor progression proceeds by a series of grad- 
ual, stepwise changes in different 'unit characteristics', i.e. phenotypic traits, many of which are known to be 
determined or at least influenced by the altered expression of defined oncogenes and/or tumor suppressive 
genes. Emancipation of the cell from immunological host restriction may follow multistep pathways similar to 
the emancipation from growth control. 

10 A problem often encountered in cancer immunotherapy is the lack of immunogenicity of the tumor. This 

escape of the immune control system can be understood on basis of phenotype differences encountered in 
neoplastic cells (differences found in Burkitt's lymphoma cells according to Klein, G. and Boon,T., Cunr. Opinion 
in Immunol. 5, 687-692, 1993): 

- decreased ability to process and present antigens; 
15 - decreased ability to stimulate autologous T cells; 

- complete downregulation of immunogenic proteins associated with transformed cells; 

- no or low expression of leukocyte adhesion molecules or other accessory molecules; and 

- selective downregulation of certain MHC class I and class II alleles. 

MHC Class l/ll antigens are often downregulated in solid tumors. This may affect all class l/tl antigens, or 
20 only part of them. Viral and cellular peptides that can sensitize appropriate target cells for cytotoxic T lympho- 
cyte mediated lysis may fail to do so when produced in cells with a low level of expression of MHC class I an- 
tigen. Cytotoxic sensitivity may be induced, at least in some cases by raising the level of MHC class l/ll antigen 
expression by interferon y and tumor necrosis factor a. 

However, during the stepwise changes from normal to tumor tissue tumor-associated antigens appear. 
25 These antigens can be exposed through various mechanisms: 

- they can be molecules that are masked in some way during normal cell development, but where the neo- 
plastic change induces removal of the masking protection for the immunosystem; 

- deletion of some molecules from the plasma membrane may alter the profile of adjacent molecules in 
a given membrane patch, and thus, in effect generate a new profile that might become immunogenic to 

30 the host; 

- a membrane alteration accompanying neoplastic transformation may expose new, previously hidden re- 
gions of a molecule, or may result in addition of new structural features to an existing molecule. 

- shedding and disintegration of tumor cells may expose the immune system to nuclear, nucleolar, or cy- 
toplasmic components that are normally hidden in the cell. 

35 The characteristics of tunrwr-associated antigens are very much dependent on the origin of the tumor car- 
rying them. The existence of antigens associated with animal tumors was documented in the last century, and 
the antigenic character of human cancers has been well established, primarily through recent studies with 
monoclonal antibodies. 

Attempts to isolate and chemically characterize these antigens have encountered serious difficulties, 
40 many having to do with a lack of reagents suitable for precipitation of the antigen-bearing molecules from a 
solution. 

Like many other stimuli, the tumor-associated antigens activate not one but a whole set of defense mech- 
anisms - both specific and unspecif ic, humoral and cellular. The dominant role in in vivo resistance to tumor 
growth is played by T lymphocytes. These cells recognize tumor-associated antigens presented to them by 
45 antigen presenting cells (APC's), and will be activated by this recognition, and upon activation and differen- 
tiation, attack and kill the tumor cells. A special class of these sort of lymphocytes is fonmed by the tumor in- 
filtrating lymphocytes (TIL's) which can be found in solid tumors. 

It has already been suggested (EP 147,689) to activate T lymphocytes with an antigenic substance linked 
to an insoluble carrier in vitro and then to administer these activated lymphocytes to a tumor patient. 
50 Conventional chemotherapy is relatively ineffective in the treatment of patients with metastasic melano- 

ma, and approximately 6000 patients die of this disease in the United States each year. 

Rosenberg et al. (New Eng. J. Med. 319(25), 1676-1681, 1988) have shown the beneficial effect of inrv 
munotherapy with autologous TIL's and interleukin-2 (IL-2) in melanoma patients. 

This therapy constitutes of resection of the tumor deposit, isolation of the TIL's, in vitro expansion of the 
55 TIL's and infusion into the patient under concurrent treatment of high and toxicity inducing doses of IL-2. 

The TIL's used by Rosenberg are directed to and able to recognize melanoma-associated antigens. 

It has been our goal to isolate such a melanoma-associated antigen in order to be able to use the antigen 
and/or its epitopes for the development of an immunotherapy for melanoma patients. 



2 



EP 0 668 350 A1 



40 



45 



50 



5S 



Melanoma antigens have already been described by Old. L (1 981 ) who Identified 6 antigenic glycoproteins 
and 3 glycoliplds occurring In 120 melanoma cell lines. 

Also vaccines with melanoma antigens have been described: in US patent no. 5,030.621 and 5 194 384 
a polyvalent vaccine has been made by culturing melanoma cells and subsequent isolation of excreted mela- 
5 noma-speclfic antigens from the culture medium. 

Some specific antigens have already been proposed for therapy and diagnosis of melanoma type of can- 
cer the peptide p97 has been disclosed in US 5,262,177 and US 5,141,742. while a 35 kD protein has been 
mentioned In EP 529,007. 

We now have found a melanoma-associated polypeptide, characterized in that it comprises the aminoacid 
10 sequence of SEQ ID NO: 2. 

This melanocyte lineage-specific antigenic polypeptide (also mentioned gplOO) is recognized by the 
monoclonal antibody NKI-beteb, which antibody has proven suitable fordiagnostic purposes. The antigens rec- 
ognized by this antibody are intracellular proteins of approximately 10 kd (gp 10) and 100 kd (gplOO) The latter 
IS also detectable in a culture medium of melanoma cells {Vennegoor,C.etal, Am. J Pathol 130 179-192 

" ^"^^ ^""""^ ^^"^ °° '^'^^ "^''^ °ther melanoma-specific antib^es such as 

HMB-50 (described by Vogel, A.M. and Esclamado. R.M.. Cancer Res. 48. 1286-1294, 1988) or HMB-45 (de- 
scribed by Gown, A.M. et al.. Am. J. Pathol. 1^, 195-203, 1986). Since the proteins reacting with these monc^ 
clonal antibodies have been shown te be glycosylated in melanoma cells, differences have been found in mo- 
bility when analyzed by SDS-PAGE. 

20 Although this gpl 00 antigen is predominantly expressed intracellularly. it has now been established that 
It IS a suitable immunogenic antigen, because it has been demonstrated that these intracellular proteins can 
be processed and presented as peptides In the context of MHC molecules to cells of the immune system In 
fact, tumor infiltrating lymphocytes derived from tumors of melanoma patients have been found which react 
with the antigen. 

25 Therefore, the gplOO polypeptide is a potential target for cellular responses against carcinoma and thus 
a suitable subject for therapy and diagnosis in melanoma patients. 

GplOO is a type I transmembrane protein, which has a threonine-rich domain containing repetitive amino 
acid sequences present in the middle of the protein (amino acids 309-427). This threonine-rich domain, which 
may be subjected to extensive 0-linked glycosylatlon. is preceded by a histidine-rich region (amino acids 182- 
313) and followed by a cysteine-rich domain (amino acids 475-566). Based on hydrophobicity plot analysis 
(Kyte. J. and Doolittle, R.F., 1982), a single transmembrane domain bordered by charged residues is present 
in the carboxy-terminal part (amino acids 591-611) of gp100. The predicted cytoplasmic domain is 45 amino 
acids long. Five putative N-linked glycosylatlon sites are present, consistent with gplOO being a glycoprotein 
The term "polypeptide" refers to a molecular chain of amino acids, does not refer to a specific length of 
the product and if required can be modified in vivo or in vitro, for example by glycosylation. amidatton, car- 
boxylation or phosphorylation; thus Inter alia peptides, oligopeptides and proteins are included within the def- 
inition of polypeptide. 

Of course, functional derivatives as well as fragments of the polypeptide according to the invention are 
also included in the present invention. Functional derivatives are meant to include polypeptides which differ 
in one or more ammo acids in the overall sequence, which have deletions, substitutions, inversions or additions 
Ammo acid substitutions which can be expected not to essentially alter biological and immunological activities 
have been described. Amino acid replacements between related amino acids orreplacements which have oo^ 
ciin-edfrequently In evolution are. interalia Ser/Ala, Ser/Gly. Asp/Gly, Asp/Asn. Ile/Val (see Dayhof. M D Atlas 
of protein sequence and structure, Nat. Biomed. Res. Found., Washington D.C., 1978, vol 5 suppi 3) Based 
on this information Lipman and Pearson developed a method for rapid and sensitive protein comparison (Sci- 
ence 227, 1435-1441. 1985) and determining the functional similarity between homologous polypeptides 

Functional derivatives which still show immunological activity towards the monoclonal antibody NKI-beteb 
or HMB-50 or HMB-45 are included within the scope of this invention. 

Furthermore as functional derivatives of these peptides are also meant peptides derived from gpl 00 which 
are able to induce target cell lysis by tumor infiltrating lymphocytes. 

In addition, with functional derivatives of these peptides are also meant addition salts of the peptides 
amides of the peptides and specifically the C-terminal amides, esters and specifically the C-terminal esters 
and N-acyl derivatives specifically N-terminal acyl derivatives and N-acetyl derivatives. 

The polypeptides according to the invention can be produced either synthetically or by recombinant DNA 
technology. Methods for producing synthetic polypeptides are well known in the art. 

The organic chemical methods for peptide synthesis are considered to include the coupling of the required 
amino acids by means of a condensation reaction, either in homogenous phase or with the aid of a so-called 
solid phase. The condensation reaction can be carried out as follows: 
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a) condensation of a compound (amino acid, peptide) with a free carboxyl group and protected other re- 
active groups with a compound (amino acid, peptide) with afree amino group and protected other reactive 
groups, in the presence of a condensation agent; 

b) condensation of a compound (amino acid, peptide) with an activated carboxyl group and free or pro- 
5 tected other reaction groups with a compound (amino acid, peptide) with a free amino group and free or 

protected other reactive groups. 

Activation of the carboxyl group can take place, inter alia, by converting the carboxyl group to an acid ha- 
lide. azide. anhydride, imidazolide or an activated ester, such as the N-hydroxy-succinimide. N-hydroxy-ben- 

zotriazole or p-nitrophenyl ester. 
10 The most common methods for the above condensation reactions are: the carbodiimide method, the azide 
method the mixed anhydride method and the method using activated esters, such as descnbed in The Pep- 
tides. Analysis, Synthesis. Biology Vol. 1-3 (Ed. Gross. E. and Meienhofer. J.) 1979. 1980, 1981 (Academic 
Prsss Inc ) 

Production of polypeptides by recombinant DNA techniques is a general method which is known, but which 
15 has a lot of possibilities all leading to somewhat different results. The polypeptide to be expressed is coded 
for by a DNA sequence or more accurately by a nucleic acid sequence. 

It has been found that the amino acid sequence of gp100 closely resembles the amino acid sequence of 
the already known melanoma-associated peptide pMellT, disclosed in Kwon. B.S. (1991). 

The amino acid differences between gp100 and PmellT consist of substitutions at ammo acid position 
20 274 (T-C/PRO-LEU) and 597 (C-G/ARG-PRO) and a stretch of 7 amino acid absent in gp1 00 at position 587. 
A single nucleotide difference at position 762 (C-T) does not result in an amino acid substitution. GplOO is 
also 80% homologous to a putative protein deduced from a partial cDNAdone (RPE-1) isolated from a bovine 
retinal cDNAIibrary (Kim. R.Y. and Wistow, G.J.. 1992) and 42% homologous to a chicken melanosomal matrix 
protein. MMP115(Mochil.M.. 1991). See also fig. 2. 
25 Also part of the invention is the nucleic acid sequence comprising the sequence encoding the gplOO poly- 
peptide. 

Preferably the sequence encoding gplOO is the sequence of SEQ ID N0:1. 

As is well known in the art, the degeneracy of the genetic code permits substitution of bases in a codon 
resulting in another codon still coding for the same amino acid, e.g. the codon for the amino acid glutamic acid 

30 is both GAT and GAA. Consequently, it is clear that for the expression of a polypeptide with an ammo acid 
sequence shown In SEQ ID N0:2 use can be made of a derivale nucleic acid sequence with such an alternative 
codon composition thereby differring from the nucleic acid sequence shown in SEQ ID N0:1. 

"Nucleotide sequence" as used herein refers to a polymeric form of nucleotides of any length, both to n- 
bonucleic acid (RNA) seqeuences and to desoxyribonudeic acid (DNA) seqeuences. In principle this term re- 

35 fers to the primary structure of the molecule. Thus, this term indudes double and single stranded DNA. as 
well as double and single stranded RNA. and modifications thereof. 

The nudeotide sequence of gplOO contains 2115 base pairs (bp) and terminates with a poly(A) tract of 15 
nudeotides which is preceded by the consensus polyadenylation sequence AATAAA. An open reading frame 
(ORF) extendingf rem nudeotide 22 through 2007 is present in gp100 DNA. This ORF starts with an ATG codon 

40 within the appropriate sequence context for translation initiation and codes for a protein of 661 ammo acids. 
The amino-terminal 20 amino acids fit all criteria for signal sequences, induding a potential deavage site after 
ALA at position 20 (-1), which would indicate that mature gplOO contains 641 amino adds (approximately 70 
kD) 

The most striking difference between gpl 00 and Pmel17 cDNAs is the inframe deletion of 21 bp in gpl 00 
45 cDNA (fig 2) Comparison of the nudeotide sequence of genomic DNA with the sequence of gpl 00 cDNA re- 
vealed the presence of an intron (102 bp) just at the position of the 21 bp insertion in Pmel17 cDNA The 
exon/intron boundaries nicelyf itthe consensus 5' donor and 3' acceptor splice site sequences (Padgett, 1986). 
In the genomic DNA, the sequence comprising the additional 21 bp in Pmel17 cDNA is located directly up- 
stream of the 3- deavage site used to generate gp100 RNAand is preceded by an alternative 3' acceptor splice 
50 site Whereas the gplOO-spedflc 3' acceptor splice site fits the consensus sequence, the Pmell7-specific 
3' acceptor splice site appears to be sub-optimal in that it lacks a pyrimidine-rich region. Sub-optimal RNA proc- 
essing sites are present in many alternatively processed messenger RNA precursors and have been implicated 
to function in regulation of alternative RNA processing (reviewed by Green. M.R., 1991). Collectwely, these 
data prove that the transcripts corresponding to gpl 00 and Pmel17 cDNAs are generated by alternative splic- 
55 ing of a Single primary transcript. 

A further part of the invention are peptides, which are Immunogenic fragments of the gpl 00 polypeptide. 
Immunogenic fragments are fragments of the gp100 molecule, which still have the ability to induce an 
immunogenic response, i.e. that it is either possible to evoke antibodies recognizing the fragments specifically. 
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or that it is possible to find T lymphocytBS which have been activated by the fragments 
offof .""T i!!" ^'^ ^xT.'* "^^^ '"^^ immunogenic action of tumor associated antigens is 
f 601 llSirr?/. '^'L f^^t'^g (Townsend. A.R.M. and Bodmer. H.. Ann. Rev. Immunol. 

2 1 J»tZ" ^ lymphocytes (CTLs) recognizing melanoma cells in a T cell receptor (JCRhd^ 

'lTBTl^^^7fT.^^^""1! '^"^ t^-^o^-bearing patients (reviewed by Knuth. A.. 

1992). Bncha«l et al. (1993) have shown that a peptide derived from tyrosinase, an other melanocyte-specific 
antigen, is recognized by a CTL clone. 

nf II'I^^kT 'f^«'*^^/^'^«"°" °^Tcells through the MHC molecule necessitates processing of the antigen 
of which short pieces (for example 8-12 mers) are presented to the T lymphocyte 

The immunogenic oligopeptides located in the gp1 00 sequence fomi also part of the invention 
w,fh!h! MMr ^"^"ogenic peptide sequences of the gplOO sequence which are not only able to bind 

lici h«l hlT T f ° demonstrated to recognize tumor infiltrating lymphocytes 

which have been isolated from a melanoma patient 

M . ''^"^ "^^ P^P'''^^^ *^3^'"9 the amino acid sequences V-L-P-D-G-Q-V-l-W-V 

M-L-G-T-H-T-M-E-V. R-L-M-K-Q-D-F-S-V. (V)-(W)-(IO-T-W-G-Q-Y-W-Q-V-(L) and L-L-D-G-T-A-T-L R-L have 
been found to bind to the MHC HLA-A2.1 molecule. In addition, the latter two peptides are recognized by anti- 
melanoma cytotoxic T lymphocytes In the context of HLA-A2.1 

rnnnl'^'?'"^ ^^^^ ^^^'"^"^ ^^^"^^ "O"-^^!^^^ Sequences, I.e. sequences with which they are not 

thTi .1? : M "^u"^ " "^"^ "^"'^'"a «"'^a"«=«« tt^e immunogenic properties of 

these peptides, probably through a better processing and presentation by APC's 

Another part of the Invention is formed by nucleotide sequences comprising the nucleotide sequences cod- 
ing for the above mentioned peptides. 

«,hi.h^'^l.*h rl **!.?^ '^'e production of the peptides with recombinant DNA techniques, 

wh ch will be exemplified further, the sequence information disclosed in the sequence listings forgplOO or Its 
epitopes can be used for diagnostic purposes. nw'^orns 
From these sequences primers can be derived as basis for a diagnostic test to detect gplOO or gplOO-like 
proteins by a nucleic acid amplification technique for Instance the polymerase chain reaction (PGR) or the nu- 
cleic acid sequence based amplification (NASBA) as described In USP 4,683.202 and EP 329,822, respect 

nri^!!!1''^h'!H^l^^ ^"^""^^ °^ ^^"^^^^ ''^^''"a ^ ^'^^ DNA sequence with oligonucleotide 

pnmers such that a primer extension product Is synthesized which Is separated from the template using heat 
denaturation and in turn serves as a template, resulting in amplification of the target sequence. When RNA 
IS to be amplified with PGR the RNA strand is first transcribed Into a DNA strand with the aid of reverse tran- 

scriptsss. 

R^^^nUl S^®?^ °^ "'"9'^ ^"^"'^^•^ 9«"«^at«'' fro-" either single stranded 

svni,r. T °r ?n f/™"f ' *° ^'"P"^'^'' ««RNA serves as a template for the 

synthesis of a fi^t DNAstrand by elongation of a first primer containing a ssRN A polymerase recognition site. 
The fomied DNA strand in turn serves as the template for the synthesis of a second, complementary, DNA 
strand by elongation of a second primer, resulting In a double stranded active RNA-polymerase promoter site 

11 h! PM^ r'^' ^ '^^^^"^ "y"'^^"'' °^ '^"^^ ^-""""'^ °f tf'^ '^"'P'a'e. the ssRNa! 
With the aid of RNA polymerase. 

nr.h^r.?"'" «^ the amplified nucleotide sequence Is established by hybridizing a complementary detection 
probe to the amplified nucleic acid. This probe can be labelled and/or Immobilized on a solid phase. Detection 
of the label can be performed through methods known In the art Detection of nucleic acids bound through the 
probe to the solid phase can be done by compounds capable of selective detection of nucleic acids 

As said before the nucleotide sequences can be used for the production of gplOO or one of its epitopes 
with recombinant DNA techniques. For this the nucleotide sequence must be comprised in a cloning vehicle 
which can be used to transform or transfect a suitable host cell. 

A wide variety of host cell and cloning vehicle combinations may be usefully employed In cloning the nucleic 

^HK^^""^" ^^^'"^^ ™y '"•^'"'^^ chromosomal, non-chromosomal and syn- 

thetic DNA sequences such as various known bacterial plasmids, and wider host range plasmids such as pBR 

?h m^r"""! ^ • " ^ ^"'^ PBItiescript plasmids, bacteriophages, e.g. lambda-gt-Wes, Charon 28 and 
Qw.n . ^''^ " ^"'^ "^"^^"^ ''^""^'^ ^'""^ combinations of plasmids and phage or virus DNA. such as 
SV40 adenovirus or polyoma virus DNA (see also Rodriquez. R.L. and Denhardt (1988); Lenstra, 1990) 

f ^ hosts rnay include bacterial hosts, yeasts and otherfungi. plant or animal hosts, such as Chinese 
Hamster Overy (CHO) cells or monkey ceils and other hosts. 

Vehicles for use In expression of the peptides will further comprise control sequences operably linked to 
the nucleic acid sequence coding for the peptide. Such control sequences generally comprise a promoter se- 
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quence and sequences which regulate and/or enhance expression levels. Furthermore an origin of replication 
and/or a dominant selection marker are often present in such vehicles. Of course control and other sequences 
can vary depending on the host cell selected. 

Techniques for transforming or transfecting host cells are quite known in the art (see. for instance. Maniatis 

5 etal., 1982 and 1989). . ^ ^ 

It is extremely practical if. next to the information for the peptide, also the host cell is co-transformed or 
co-transfected with a vector which carries the information for an MHC molecule to which said peptide is known 
to bind Preferablythe MHCmolecule is HLA-A2.1. HLA-A1 orHLA-A3.1, or any other HLAallelewhich is known 
to be present in melanoma patients. HLA-A2.1 is especially preferred because it has been established (Anichini 

10 A., 1993) that melanoma cells carry antigens recognized by HUV-A2.1 restricted cytotoxic T cell clones from 
melanoma patients. 

Host cells especially suited for the expression of gp 100 are the murine EL4 and P8.1 5 cells. For expression 
of gplOO human BLM cells (described by Katano, M., 1984) are especially suited because they already are 
able to express the MHC molecule HLA-A2.1 . 
IS Gpl 00 or any of its peptides or their nucleotide sequences mentioned above can be used in a vaccine for 

the treatment of melanoma. 

In addition to an immunogenically effective amount of the active peptide the vaccine may contain a phar- 

maceutically acceptable carrier or diluent. 

The immunogenicity of the peptides of the invention, especially the oligopeptides, can be enhanced by 
20 cross-linking or by coupling to an immunogenic carrier molecule (I.e. a macromolecule having the property of 
independently eliciting an immunological response in a patient, to which the peptides of the invention can be 

covalently linked). . ^ .i. » 

Covalent coupling to the carrier molecule can be carried out using methods well known in the art, the exact 
choice of which will be dictated by the nature of the carrier molecule used. When the immunogenic carrier mol- 
25 ecule is a protein, the peptides of the invention can be coupled, e.g. using water soluble carbodiimides such 
as dicyclohexylcarbodiimide, or giuiaraldehyde. 

Coupling agents such as these can also be used to cross-link the peptides to themselves without the use 
of a separate carrier molecule. Such cross-linking into polypeptides or peptide aggregates can also increase 

immunogenicity. . .... 

30 Examples of pharmaceutically acceptable carriers or diluents useful in the present invention include sta- 
bilizers such as SPGA, carbohydrates (e.g. sorbitol, mannitol. starch, sucrose, glucose, dextran). proteins such 
as albumin or casein, protein containing agents such as bovine serum or skimmed milk and buffers (e.g. phos- 
phate buffer). ^ . ~ Ul J' 

Optionally, one or more compounds having adjuvant activity may be added to the vaccine. Suitable adju- 
35 vants are for example aluminium hydroxide, phosphate or oxide, oil-emulsions (e.g. of Bayol FW or Marcol 
52(R)), saponins or vitamin-E solubllisate. 

The vaccine according to the present invention can be given inter alia intravenously, intraperitoneally, in- 
tranasally, intradermally, subcutaneously or intramuscularly. 

The useful effective amount to be administered will vary depending on the age and weight of the patient 
40 and mode of administration of the vaccine. 

The vaccine can be employed to specifically obtain a T cell response, but it is also possible that a B cell 
response is elicited after vaccination. If so. the B cell response leads to the formation of antibodies against 
the peptide of the vaccine, which antibodies will be directed to the source of the antigen production, i.e. the 
tumor cells. This is an advantageous feature, because in this way the tumor cells are combatted by responses 

45 of both immunological systems. 

Both immunological systems will even be more effectively triggered when the vaccine compnses the pep- 
tides as presented in an MHC molecule by an antigen presenting cell (APC). Antigen presentation can be ach- 
ieved by using monocytes, maaophages. interdigitating cells, Langerhans cells and especially dendritic cells, 
loaded with one of the peptides of the invention. Loading of the APC's can be accomplished by bnnging the 

50 peptides of the invention Into or in the neighbourhood of the APC, but it is more preferable to letthe APC process 
the complete gplOO antigen. In this way a presentation Is achieved welch mimicks the in vivo situation the most 
realistic. Furthermore the MHC used by the cell is of the type which is suited to present the epitope. 

An overall advantage of using APC's for the presentation of the epitopes is the choice of APC cell that is 
used in this respect. It is known from different types of APC's that there are stimulating APC's and inhibiting 

55 APC's. ,. u . 

Prefen-ed are the listed cell types, which are so-called 'professional' antigen presenting cells, character- 
ized in that they have co-stimulating molecules, which have an important function in the process of antigen 
presentation. Such co-stimulating molecules are, for example, B7, CTLA-4, CD70 or heat stable antigen 
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(Schwartz, 1992). 

Fibroblasts, which have also been shown to be able to act as an antigen presenting cell, lacks these co- 
stimulating molecules. 

It Is also possible to use cells already transfected with a cloning vehicle harbouring the information for 
gp1 00 and which are cotransfected with a cloning vehicle which comprises the nucleotide sequence foran MHC 
class I molecule, for instance the sequence coding for HLA A2.1, HLA A1 or HLA A3.1. These cells will act as 
an antigen presenting cell and will present gp100-fragments In the MHC dass I molecules which are expressed 
on their surface. It is envisaged that this presentation will be enhanced, when the cell is also capable of ex- 
pressing one of the above-mentioned co-stimulating molecules, or a molecule with a similar function. This ex- 
pression can be the result of transformation or transfectlon of the cell with a third cloning vehicle having the 
sequence information coding for such a co-stimulating molecule, but it can also be that the cell already was 
capable of production of co-stimulating molecules. 

In stead of a vaccine with these cells, which next to the desired expression products, also harbour many 
elements which are also expressed and which can negatively affect the desired immunogenic reaction of the 
cell, it is also possible that a vaccine is composed with liposomes which expose MHC molecules loaded with 
peptides, and which, for instance, are filled with lymphokines. Such liposomes will trigger a immunologic T cell 
reaction. 

By presenting the peptide in the same way as it is also presented In vivo an enhanced T cell response will 
be evoked. Furthemiore, by the natural adjuvant working of the, relatively large, antigen presenting cells also 
a B cell response is triggered. This B cell response will a.o. lead to the formation of antibodies directed to the 
peptide-MHC complex. This complex is especially found in tumor cells, where it has been shown that in the 
patient epitopes of gp100 are presented naturally, which are thus able to elicit a T cell response. It is this nat- 
urally occurring phenomenon which is enlarged by the vaccination of APC's already presenting the peptides 
of the invention. By enlarging not only an enlarged T cell response will be evoked, but also a B cell response 
which leads to antibodies directed to the MHC-peptide complex will be initiated. 

The vaccines according to the invention can be enriched by numerous compounds which have an enhanc- 
ing effect on the initiation and the maintenance of both the T cell and the B cell response after vaccination. 

In this way addition of cytokines to the vaccine will enhance the T cell response. Suitable cytokines are 
for instance interleukines, such as IL-2, IL-4, IL-7, or IL-12, GM-CSF, RANTES, tumor necrosis factor and In- 
terferons, such as I FN-. 

In a similar way antibodies against T cell surface antigens, such as CD2, CD3, CD27 and CD28 will en- 
hance the immunogenic reaction. 

Also the addition of helper epitopes to stimulate CD4-' helper cells or CDS'' killer cells augments the im- 
munogenic reaction. Alternatively also helper epitopes from other antigens can be used, for instance from heat 
shock derived proteins or cholera toxin. 

Another part of the invention is formed by usage of gp100 reactive tumor infiltrating lymphocytes (TIL's). 
In this method the first step is taking a sample from a patient. This is usually done by resection of a tumor 
deposit under local anaesthesia. The TIL's present in this specimen are then expanded in culture for four to 
eight weeks, according to known methods (Topalian, S.L. et al., 1987). During this culture the TILs are then 
checked for reactivity with gplOO or one of the epitopes derived from gplOO. The TIL's which recognize the 
antigen are isolated and cultured further. 

The tumor infiltrating lymphocytes, reactive with gplOO. which are obtained through this method, form also 
part of the invention. One such TIL cell line, designated TIL 1200, has been found which specifically reacts 
with gplOOand its epitopes. This TIL 1200 cell line also expresses the MHC molecule HLA-A2.1. Furthermore 
expression of TCR a/p, CD3 and CD8 by this cell line has been demonstrated. Furthermore TIL 1200 recog- 
nizes transfectants expressing both HLA-A2.1 and gplOO. 

This TIL 1200 and other TIL's recognizing gplOO are suited for treatment of melanoma patients. For such 
treatment TIL's are cultured as stated above, and they are given back to the patients by an intravenous infu- 
sion. The success of treatment can be enhanced by pre-treatment of the tumor bearing host with either total 
body radiation or treatment with cyclophosphamide and by the simultaneous administration of interleukin-2 
(Rosenberg, S.A. et al., 1986). 

The TIL'S infused back to the patient are preferably autologous TIL's (i.e. derived from the patient's own 
tumor) but also infusion with allogenic TIL's can be imagined. 

Afurther use of the TIL's obtained by the method as described above is for in vivo diagnosis. Labelling of 
the TIL'S, for instance with iii|n (Fisher, 1989) or any other suitable diagnostic marker, renders them suited for 
identification of tumor deposits in melanoma patients. 

Another part of the invention is formed by the T cell receptor (TCR) expressed by gplOO reactive CTLs. 
As is well known in the art, the TCR determines the specificity of a CTL. Therefore, the cDNA encoding the 
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TCR, especially its variable region, can be isolated and introduced into T cells, hereby transferring antkumor 
activity to any T cell. Especially Introduction of such a TCR into autologous T cells and subsequent expansion 
of these T cells, will result in large numbers of CTL suitable for adoptive transfer into the autologous patient. 
Also cells harbouring this T cell receptor can be used for vaccination purposes. 

5 A vaccine can also be composed from melanoma cells capable of expression of gp100. It is possible to 

isolate these cells from a patient, using anti-gp100 antibodies, such as NKI-beteb, but Is also possible to pro- 
duce such melanoma cells from cultured melanoma cell lines, which either are natural gp100-producers or 
have been manipulated genetically to produce gp100. These cells can be irradiated to be non-tumorogenic and 
infused (back) into the patient. To enhance the immunologic effect of these melanoma cells it is preferred to 

10 alter them genetically to produce a lymphokine, preferably interleukine-2 (IL-2) or granulocyte-macrophage col- 
ony stimulation factor (GM-CSF). Gp1 00"^ melanoma cells can be transfected with a cloning vehicle having the 
sequence coding for the production of IL-2 or GM-CSF. 

Infusion of such a vaccine into a patient will stimulate the formation of CTL's. 

Another type of vaccination having a similar effect is the vaccination with pure DNA, for instance the DNA 
15 of a vector or a vector virus having the DNA sequence encoding the gp1 00 antigen or peptides derived there- 
from. Once injected the virus will infect or the DNA will be transformed to cells which express the antigen or 
the peptide(s). 

Antibodies to any gp100 peptide, including antibodies to (V)-(W)-(K)-T-W-G-Q-Y-W-Q-V-(L), and L-L-D- 
G-T-A-T-L-R-L are also part of the Invention. 
20 Monospecific antibodies to these peptides can be obtained by affinity purification from polyspecific an- 
tisera by a modification of the method of Hall, R. et al. (1984). Polyspecific antisera can be obtained by im- 
munizing rabbits according to standard immunisation schemes. 

Monospecific antibody as used herein is defined as a single antibody species or multiple antibody species 
with homogeneous binding characteristics for the relevant antigen. Homogeneous binding as used herein re- 
25 fers to the ability of the antibody species to bind to ligand binding domain of the invention. 

The antibody is preferably a monoclonal antibody, more preferably a humanised monoclonal antibody. 
Monoclonal antibodies can be prepared by immunizing inbred mice, preferably Balb/c with the appropriate 
protein by techniques known in the art (Kohler, G. and Milstein C. 1975). Hybridoma cells are subsequently 
selected by growth in hypoxanthine, thymidine and aminopterin in an appropriate cell culture medium such as 
30 Dulbecco's modified Eagle's medium (DMEM). Antibody producing hybridomas are cloned, preferably using 
the soft agar technique of MacPherson (1973). Discrete colonies are transferred into individual wells of culture 
plates for cultivation in an appropriate culture medium. Antibody producing cells are identified by screening 
with the appropriate immunogen. Immunogen positive hybridoma cells are maintained by techniques known 
in the art. Specific anti-monodonal antibodies are produced by cultivating the hybridomas in vitro or preparing 
35 ascites fluid in mice following hybridoma injection by procedures known In the art 

It Is preferred to use humanized antibodies. Methods for humanizing antibodies, such as CDR-grafting, 
are known (Jones, P.T. et al., 1986). Another possibility to avoid antigenic response to antibodies reactive with 
polypeptides according to the invention is the use of human antibodies or fragments or derivatives thereof. 
Human antibodies can be produced by in vitro stimulation of isolated B-lymphocytes, or they can be iso- 
40 lated from (immortalized) B-lymphocytes which have been harvested from a human being immunized with at 
least one ligand binding domain according to the invention. 

Antibodies as described above can be used for the passive vaccination of melanoma patients. A prefenred 
type of antibodies for this kind of vaccine are antibodies directed against the above-mentioned peptides pre- 
sented in connection with the MHC molecule. To produce these kind of antibodies immunization of peptides 
45 presented by APC's is required. Such an immunization can be performed as described above. Alternatively, 
human antibodies to peptide-MHC complexes can be isolated from patients treated with a vaccine consisting 
of APC's loaded with one of said peptides. 

The antibodies, which are formed after treatment with one of the vaccines of the invention can also be 
used for the monitoring of said vaccination. For such a method serum of the patients is obtained and the an- 
50 tibodies directed to the peptide with which has been vaccinated are detected. Knowing the antibody titre from 
this detection It can be judged if there Is need for a boost vaccination. 

Specific detection of said antibodies In the serum can be achieved by labelled peptides. The label can be 
any diagnostic marker known in the field of in vitro diagnosis, but most preferred (and widely used) are en- 
zymes, dyes, metals and radionuclides, such as ^^Ga, ^^"^Tc, i^^ln, ii^f^In, 125| or i3i|,. 
55 The radlodiagnostic markers can be coupled directly to the peptides of the invention or through chelating 

moieties which have been coupled to the peptide directly or through linker or spacer molecules. The technique 
of coupling of radionuclides to peptides or peptide-like structures is already known in the field of (tumor) di- 
agnostics from the numerous applications of labelled antibodies used both in in vivo and in in vitro tests. 
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Direct labelling of peptides can for instance be performed as described in the one-vial method (Haisma, 
1 986). Ageneral method for labelling of peptides through chelators, with or without linker or spacer molecules, 
has for instance been described in USP 4,472,509 and USP 4,485,086. Chelators using a bicycllc anhydride 
of DTPA have been disclosed In Hnatowich, D.J. et al. (1983). Coupling through diamlde dimercaptide com- 
5 pounds has been disclosed in EP 188,256. 

The present invention Is further described by way of example with reference to the accompanying figures, 
in which: 

Fig. 1 shows the genomic organization of part of the human gp100/Pmel17 gene. A and A' represent the 
introns which are removed in transcripts corresponding to gplOO cDNAand Pmell 7 cDNA respectively. Exon 
10 sequences are indicated in capitals and intron sequences as small letters. The best fit to the branch point se- 
quence (Ruskin, B. et al., 1984) is underlined. 

Fig. 2 shows an alignment of the carboxyterminal part of members of the gp100/pMel17 family, identical 
amino acids (-) and gaps (*) are indicated. Conserved cysteine residues (#) are indicated as well. 

Fig. 3. (A) GplOO deletion mutants encoding parts of the gplOO protein are shown (numbers indicate amino 
15 acids in the gplOO protein as indicated in SEQ ID N0:2) 

(B) Recognition by TIL 1200 of cells transfected with HLA-A2.1 and the gplOO deletion mutants shown 
in Figure 3A 

Fig. 4. (A) Five peptides derived from the gplO0 148-166 region, varying from an 8-merto an 11-men were 
tested for recognition by TIL 1200. Specific lysis was detected at an effector to target ratio of 30:1 . 
20 (B) Titration of gplOO peptides identified in Figure 4Afor recognition by TIL 1200 (E/T ratio 30:1). 

Fig. 5. Binding of gplOO and viral epitopes to HLA-A2.1. 

EXAMPLE 1 - MOLECULAR CHARACTERIZATION OF GP1Q0 

25 MATERIALS AND METHODS 

Cells and monoclonal antibodies 

The melanoma cell lines Mel-2a, M14, MEWO, BLM (Vennegoor et al., 1988; van Muijen etal., 1991; Bean 
30 et al., 1975; Katano et al., 1984) and the uveal melanoma cell line Mel 202 (Ksander et al., 1991) have been 
previously described. Isolation of normal human melanocytes from breast or foreskin was performed by the 
method of Eislnger and Marko (1982) with modifications by (Smit et al., 1993). 

Mabs NKI-beteb and HMB-50 have been described previously (Vennegoor et al., 1988; Vogel and Escla- 
mado, 1988). MAb HMB-45 was purchased from Enzo Biochem. 

35 

DNA constructs and transfections 

The 2.2 kb Eco Rl fragment containing gplOO cDNA was blunt-ended by filling in the ends with Klenow 
DNA Polymerase and then cloned in both orientations (pSVLgp100+ and pSVLgplOO-) in the Sma I site of the 
40 eukaryotic expression vector pSVL (Pharmacia). pSVL contains the SV40 late promoter and polyadenylation 
site as well as the SV40 origin of replication, allowing a very high copy number during transient expression in 
COS-7 cells. 

For the construction of the 3' truncated gpl 00 transcription unit pSVLgpl 00+(@QBS) we deleted the se- 
quence between the Bgl II site in the 3' part of gp100 cDNAand the Sac I site in the multiple cloning site of 
45 the vector. The resulting construct encodes a truncated gp100 protein in which the carboxy-termlnal 1 33 amino 
acids of gplOO are replaced by 4 amino acids (Arg-lle-Gln-Thr) encoded by vector sequences. 

Transient expression of the constructs in COS-7 cells was performed by using 40 ^ig/ml lipofectin reagent 
from BRL (Feigner etal., 1987) and 7.5 ^g DNA as described previously (Loenen etal., 1991). 

50 Immunofluorescence 

Transfected COS-7 cells were prepared for immunofluorescence 48 hours after the addition of the llpo- 
fectln/DNA mixture as described previously (Vennegoor etal., 1988). After incubation with the primary antibody 
for 45 minutes, cells were washed and incubated with fluorescein isothlocyanate (FITC)-labeled goat F(ab)'2 
55 anti-mouse IgG (Nordic) for 30 minutes. Preparations were examined using a confocal laser scanning micro- 
scope at 488 nm (Biorad MRC 600). 
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Metabolic labeling, Immunopreclpitations and V8 protease mapping. 

Immunoprecipitation experiments were perfonmed on metabolically labeled (L-psj-methlonine/cysteine; 
Amersham) cells as described by Vennegoor et al. (1988) using either mAb NKI-beteb or HMB-50 covalently 

5 linked to protein A-CL4B sepharose beads (Pharmacia). In some experiments tunicamycin (75fig/ml , Calbio- 
chem) was added during the pre-labeling period and remained present during the metabolic labeling reaction 
(12.5 minutes). Immunopreclpitates were analyzed under reducing conditions (5% p-mercaptoethanol in SDS- 
sample buffer) by SDS-PAGE using 5-17.5% polyacrylamlde gradient gels. The relative molecular weight of 
the proteins was determined using co-electrophorised, pre-stained molecular weight markers (BRL). Gels were 

10 treated with 1 M sodium salicylate (pH 5.4) prior to autoradiography (Kodak XAR). 

V8 protease mapping was performed using the digestion for proteins in gel slices procedure described by 
Cleveland et al. (1977). Briefly, gel slices containing the 100 kD proteins were placed In the wells of a second 
SDS-gel (10%) and overlayed with Staphylococcus aureus V8 protease (2,5 ^g/sample, Miles laboratories). 
After electrophoresis gels were treated as described above. 

15 

Molecular cloning of part of the gp100/Pmel17 gene. 

Part of the gp100/Pmel17 gene was amplified by PGR (Taq DNA Polymerase was from GIbco) on human 
genomic DNA isolated from peripheral blood lymphocytes (PBUs) using the following primers: 1497/1516: 5'- 
20 TATTGAAAGTGCCGAGATCC-3' and 1 839/1 857: 5'-TGC AAGGACCACAGCCATC-3' as described previously 
(Adema and Baas, 1991). The PGR products were subsequently amplified using a nested set of primers con- 
taining an additional Eco Rl site (5'-TATCTA GAATTGT GGAGCAGATACTGAAG-3' and 5'-TATGTA- 
GAATTCT GCAAGATGCCCAGGATCAG-3'). The underlined Eco Rl sites in these primers were used to done 
the PGR product in the Eco Rl site of pUC 18. 

25 

RNA isolation and analysis 

Total RNA was isolated using the guanldine thiocyanate procedure and centrifugation through a cushion 
of Gesium chloride (Ghlrgwin et al., 1 979). cDNA was prepared using the Geneamp RNA PGR kit (Perkin Elmer 

30 Cetus) as indicated by the manufacturer. PGR analysis of the cDNAs was performed for 35 cycles in the pres- 
ence of 3 mM MgCl2 using primers 1497/1516 and 1839/1857 (see above) as described previously (Adema 
and Baas, 1991). The reaction products were size-fractionated on an agarose gel, blotted onto a nylon menrv 
brane (Hybond-N, Amersham) and hybridized to p2P]-labeled oligonucleotide probes as described previously 
(Adema and Baas, 1991). As probes we used either a gp100-specif Ic exon/exon junction oligonucleotide (5'- 

35 GTTGTTGAGGAGGGATGATA-3') or a Pmel17- specific oligonucleotide (5'-TGTGAGAAGAATGGGAGGCA- 
3') which corresponds to 20 of the additional 21 nucleotides present in Pmel17 cDNA. In every hybridization 
experiment a spot blot containing an oligonucleotide comprising the Pmel17 exon/exon junction (5'-GGTTAT- 
CATGCGTGTGCCTGGATTGTTCTCACAGGT-3') was included as a control. 

40 Nucleotide sequence analysis 

GplOO cDNAand genomic DNA clones were sequenced by the dideoxy-nucleotide sequencing method 
(Sanger et al., 1977) using T7 DNA polymerase (Pharmacia). The sequence of both strands was detenmined 
in each case. Since the genomic DNA clones were obtained after PGR, the sequence of four independent 
45 clones was determined. Analysis of the DNA sequence was performed using the University of Winconsin Ge- 
netics Gomputing Group sequence analysis programs (Devereux et al., 1984). 

RESULTS 

50 Expression of gplOO cDNA in non-pigmented COS-7 cells results in immunoreactivity with mAbs NKI-be- 

teb, HMB-50 and HMB-45. 

Expression of gplOO cDNA in gp100-negative BLM melanoma cells results in immunoreactivity with the 
melanocyte lineage-specific mAbs, NKI-beteb, HMB-50 and HMB-45. To determine whether expression of 
gp100-c1 cDNA in non-melanocytic cells also results in immunoreactivity with these mAbs, we performed tran- 

55 sient expression experiments in GOS-7 cells (monkey kidney fibroblasts) with constructs containing gplOO 
cDNA in the coding or non-coding orientation. Only GOS-7 cells transfected with the construct containing the 
cDNA in the coding orientation (GOS-7/pSVLgp100+) react with all three mAbs. These data demonstrate that 
immunoreactivity with mAbs NKI-beteb, HMB-50 and HMB-45 after expression of gp100 cDNAis not restricted 
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to melanocytic cells. In addition, these data show that the COS expression system can be used for further bio- 
chemical characterization of the proteins encoded by gp100 cDNA. 

Analysis of the proteins encoded by gp100 cDNA. 

5 

To characterize the proteins encoded by gp100 cDNA, COS-7/pSVLgp100+ cells were melabolically lab- 
eled and subjected to immunoprecipitation with mAb NKI-beteb or HMB-50. MoAbs NKI-beteb and HMB-50 
specifically immunoprecipitate proteins of approximately 100 l<D (95-110 kd) from extracts of COS- 
7/pSVLgp1 00+ cells. The molecular weight of these proteins Is similar (see also below) to those immunopre- 

10 cipitated from extracts of metabolically labeled MEWO cells which express the antigens endogenously (Ven- 
negoor et al., 1988). Consistent with previous reports (Vennegoor et al., 1988; Vogel and Esclamado, 1988), 
both mAbs also recognize a protein of 10 kD in extracts of MEWO melanoma cells. A protein of the same size 
reacts with mAb NKI-beteb in COS-7/pSVLgp1 00+ cells and can be discerned with mAb HMB-50 after pro- 
longed exposure (not shown). We note that the amount of the 10 kd protein varied considerably between ex- 

15 periments. No specific proteins are immunoprecipitated by either of the mAbs from extracts prepared from 
COS-7 cells transfected with the construct containing the cDNA in the non-coding orientation. 

Glycoproteins of approximately 100 kD reacting with mAbs NKI-beteb and HMB-50 have also been found 
in culture medium of melanoma cells (Vennegoor et al., 1988; Vogel and Esclamado, 1988). Comparison of 
the culture medium of metabolically labeled C0S-7/pSVLgp1 00+ cells and MEWO cells reveals that both mAbs 

20 also recognize proteins of about 100 kD (see also below) in the culture medium of these cells. No proteins of 
1 0 kD are immunoprecipitated by the mAbs from the culture medium of C0S-7/pSVLgp1 00+ cells, as has been 
shown for melanoma cells. These data demonstrate that, as in melanoma cells, the proteins of about 100 kd 
recognized by mAbs NKI-beteb and HMB-50 in COS-7/pSVLgp100+ cells are secreted. 

To exclude the possibility that the proteins detected by the mAbs are derived from endogenous genes in- 

25 duced after transfection with gp100 cDNA, we performed immunoprecipitation experiments with COS-7 cells 
expressing a 3' truncated gp100 transcription unit (see Materials & Methods for details). Proteins of approxi- 
mately 85 kd are immunoprecipitated by both mAbs from COS-7 cells expressing this construct, consistent 
with a deletion of 129 amino acids. This finding provides direct evidence that the 100 kd protein recognized 
by mAbs NKI-beteb and HMB-50 In COS-7/pSVLgp100+ cells is encoded by gp100 cDNA. 

30 

The 100 kd protein encoded by gplOO cDNA is identicai to gplOO 

The proteins of about 100 kD identified by mAbs NKI-beteb and HMB-50 in COS-7/pSVLgp100+ cells ver- 
sus MEWO cells have a slightly different mobility when analyzed by SDS-PAGE. Since the proteins reacting 

35 with these mAbs have been shown to be glycosylated in melanoma cells (Vennegoor et al., 1988; Vogel and 
Esclamado, 1988), these differences could be due to altered glycosylation, an event frequently observed in 
the COS expression system. To confirm this, mAb NKI-beteb was used to immunoprecipitate proteins from 
MEWO cells and COS-7/pSVLgp100+ cells cultured in the presence of the glycosylation inhibitor tunicamycin. 
In both COS-7/pSVLgp100+ cells and MEWO cells the size of the proteins of about 100 kd is reduced to two 

40 protein bands of 90 kd and 85 kD, confirming that the observed difference in mobility is due to altered glyco- 
sylation. 

To provide further evidence that the proteins recognized by mAb NKI-beteb in COS-7/pSVLgp100+ cells 
and MEWO cells are identical, we performed a V8 protease mapping experiment. The same protein fragments 
are obtained after V8 protease digestion of the major 100 kD protein isolated from COS-7/pSVLgp100+ cells 
45 or MEWO cells. We conclude from these data that gpl 00 cDNA encodes the melanocyte lineage-specific gly- 
coprotein gplOO recognized by mAbs NKI-beteb and HMB-50 in melanoma cells. 

GplOO is a type I transmembrane protein highly homologous to Pmel17 

50 The nucleotide sequence of gplOO cDNA was determined. It contains 2115 base pairs (bp) and tenminates 

with a poly(A) tract of 15 nucleotides which is preceded by the consensus polyadenylation sequence AATAAA 
(Proudfoot and Brownlee, 1976). An open reading frame (ORF) extending from nucleotide 22 through 2007 is 
present in gplOO cDNA. This ORF starts with an ATG codon within the appropriate sequence context for trans- 
lation initiation (Kozak, 1987) and codes for a protein of 661 amino acids (SEQ ID N0:1). The amino-terminal 

55 20 amino acids fit all criteria for signal sequences, including a potential cleavage site after ALA at position 20 
(von Heyne, 1986), which would indicate that mature gplOO contains 641 amino acids (approximately 70 kD). 
Based on hydrophobicity plot analysis (Kyte and Doolittle, 1982), a single transmembrane domain bordered 
by charged residues is present in the carboxy-terminal part (amino acids 591-611) of gplOO. The predicted cy- 
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toplasmic domain is 45 amino acids long. Five putative N-linked glycosylation sites are present, consistent with 
gp100 being a glycoprotein. Furthermore, a histidine-rlch domain (amino acids 182-313). a threonlne-rlch do- 
main (amino acids 309-427) containing repetitive amino acid sequences, and a cysteine-rich domain (475-566 
amino acids) are present. 

5 A data base search (Pearson and Lipman, 1988; Altschul et al., 1990) revealed thatgplOO is almost iden- 

tical to Pmel17, another melanocyte-specific protein (Kwon et al., 1991 ). The amino acid differences between 
gp100 and Pmel17 consist of substitutions at position 274 (T-C/PRO-LEU) and 597 (C-G/ARG-PRO) and a 
stretch of 7 amino acid absent in gp100 at position 587 (see also figure 2). A single nucleotide difference at 
position 782 (C-T) does not result in an amino acid substitution. GplOO is also 80% homologous to a putative 

10 protein deduced from a partial cDNA clone (RPE-1) isolated from a bovine retinal cDNA library (Kim and Wis- 
tow, 1992) and 42% homologous to a chicken melanosomal matrix protein, MMP115 (Mochii et al., 1991). 

GplOO and Pmel17 are encoded by a single gene 

15 The most striking difference between gplOO and Pmel17 cDNAs is the inframe deletion of 21 bp in gplOO 

cDNA. One possible explanation for this difference is the existence of two closely related genes. However, 
since both cDNAs have identical nucleotide sequences in their 3' untranslated regions this explanation is not 
likely. Another possibility is that both cDNAs correspond to transcripts generated by alternative splicing of a 
single primary transcript. To test this hypothesis, we used PGR to analyze the genomic DNA corresponding 

20 to the part of the gp1 00 gene sun-ounding the putative alternative splice site. Comparison of the nucleotide 
sequence of this genomic DNA with the sequence of gp1 00-c1 cDNA revealed the presence of an intron (102 
bp) just at the position of the 21 bp insertion in Pmet17 cDNA(Figure 1). The exon/lntron boundaries nicely fit 
the consensus 5* donor and 3' acceptor splice site sequences (Padgett et al., 1986). In the genomic DNA, the 
sequence comprising the additional 21 bp in Pmel17 cDNA is located directly upstream of the 3' cleavage site 

25 used to generate gplOO RNA and is preceded by an alternative 3' acceptor splice site (Fig. 1). Whereas the 
gplOO-specific 3' acceptor splice site fits the consensus sequence, the Pmel17-specific 3' acceptor splice site 
appears to be sub-optimal in that it lacks a pyrimidine-rich region (Fig. 1). Sub-optimal RNA processing sites 
are present in many alternatively processed messenger RNA precursors and have been implicated to function 
in regulation of alternative RNA processing (reviewed by Green, 1991). Collectively, these data prove that the 

30 transcripts corresponding to gpl 00 and Pmell 7 cDN As are generated by alternative splicing of a single primary 
transcript and thus originate from a single gene. 

Expression of gplOO and Pmel17 RNAs in ceiis of the melanocytic lineage 

35 The finding thatgplOO and Pmell 7 RNAs arise by alternative splicing of a single primary transcript, raises 

the question whether this occurs in a developmentally regulated manner. An RNA species of 2.5 kb is the major 
RNA product detected by gplOO cDNA on Northern blots containing RNA isolated from melanocytic cells. The 
same results were obtained by Kwon et al. (1987) using Pmel17-1 cDNAas a probe. However, neither of the 
probes discriminate between gplOO and Pmel17 RNAs. To investigate the expression of gplOO and Pmel17 

40 RNAs in cells of the melanocytic lineage, we performed a reverse transcriptase/polymerase chain reaction 
(RT/PCR) assay followed by Southern blotting and hybridization to either a gpl 00 specific exon/exon junction- 
ora Pmel17-specific oligonucleotide probe (see Materials & Methods). GplOO and Pmel17 spliced products 
are both detected in 3 out of 4 cutanous melanoma cells, in uveal melanoma cells as well as in neonatal and 
adult melanocytes. No products are detected with either probe in gp100-negative BLM melanoma cells. These 

45 results demonstrate that in all melanocytic cells examined, gp100 and Pmell 7 RNAs are expressed simulta- 
neously. 

EXAMPLE 2 - RECOGNITION OF GP100 BYTILs 
50 MATERIAL AND METHODS 
Cell culture 

TIL'S were generated by growth of sibgle cell suspensions of metastatic melanomas with 1,000 U/ml IL-2 
55 (Cetus Corp., Emeryville, CA) and were grown as described previously (Kawakami, 1 992). Melanoma cell lines 
Mel 397 and Mel 624 were obtained and grown as reported previously (Kawakami, 1 992). HLA-A2.1'' melanoma 
cell lines MeWo (Bean, 1975) and BLM (Katano, 1984) and murine P815 transfectants were grown in DMEM 
(Gibco, Paisley, Scotland, UK) plus 7.5% heatinactivated FCS (Gibco). JY, K562, and murine EL4 transfectants 
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were cultured in Iscoves medium (Gibco) plus 7.5% FCS. Murine cells were grown in the presence of 5105 M 
P-ME, and all media contained antibiotics. Isolation of normal melanocytes from foreskin was performed by 
the method of Eisinger and Marko (1 982) with modifications as described previously (Smit, 1 989). Melanocytes 
from passages two to three were used in chromium release assays. 

DNA Constructs and transfection. 

Plasmid pBJIgplOOneo was obtained by cloning the EcoRI fragment of a lambda gp100 cDNA clone in 
the coding orientation in the polylinker pBJ1-neo (Lin, 1990). Plasmid pBA2 containing a genomic fragment 
encoding HLA-A2.1 and human p-2 microglobulin was kindly provided by E.J. Baas (The Netherlands Cancer 
Institute. Division of Biochemistry, Amsterdam, The Netherlands). Plasmid pGK-hyg contains the hygromycin 
phosphotransferase gene (Te Riele. 1990). For the introduction of the HLA-A2.1 and human p-2 microglobulin 
genes. EL4 cells were transfected with 18 Mg of pBA2 and 2 ^g of pGK-hyg DNA according to the calcium phos- 
phate coprecipitatlon procedure (Graham, 1973) using Calciumphosphate Transfection Systems (Gibco BRL 
Gaithersburg. MD). 24 h aftertransfection, 500 Mg/ml hygromycin B (Calbiochem-Novabiochem Corp.. La Jolla' 
CA) was added to the medium for the selection of stable transfectants. HLA-A2.r gplOO* EL4 cells'were ob^ 
talned by transfection of stable HLA-A2.r EL4 clones with 20 ngof pBJI-gplOOneo DNAbycalcium phosphate 
coprecipitatlon and were selected with 1 mg/ml G418. P815 A2.1 and P815 A2.1/gp100 cells were kindly pro- 
vided by P. Coulie (Ludwig Ins., Brussels, Belgium). 

mAb and flow cytomatry 

Phenotypic analysis of melanomas, transfectants, and normal melanocytes was performed by indirect im- 
munofluorescence followed by flow cytometry using a FACScan" (Beclon Dickinson & Co Mountain View 
CA). Purified anti-gplOO mAb NKI-beteb (Vennegoor, 1988) and anti-HU-A2 mAbs BB7.2 (culture superna- 
tant; Parham, 1981) and MA2.1 (ascites 1 :500 dilution; Parham, 1978) were used as primary reagents FITC 
conjugated GAM-lgG-F(ab')2 (Zymed Laboratories, Inc. S. San Francisco, CA) was used for the second incu- 
bation. For the detection of the intracellular gp100 antigen ceils were permeabilized in 0.01% digltonin and 
were subsequently fixed in 1% parafonnaldehyde. 

Chromium Release Assay 

Chromium Release assays were performed as described previously (Kawakami. 1992). Briefly 1 0« target 
cells were incubated with 100 ^Ci Na5iCr04 (Amersham Int.. Bucks. UK) for 1 hour. Various amounts of effector 
cells were then added to 2-10» target cells in triplicate wells of U-bottomed microtiter plates (Costar Badhoe- 
vedorp. The Netherlands) in a final volume of 1 50 ^l. After 5 houre of incubation, part of the supernatant was 
harvested and its radioactive content measured. Target cells were incubated for 48 hours with 50 U/ml human 
(Boehringer, Ingelheim, Germany) or mouse recombinant IFN- (TNO. Rijswijk. The Netherlands) before use 
in chromium release assays. 

TIL 1200 

In search of gp-100 specific cytotoxic T lymphocytes (CTLs) we focused on HLA-A2.1 as a restriction ele- 
ment because of its widespread occurrence in Caucasians and its presumptive dominant role in CTL reactivity 
against melanoma. A HLA-A2.r TIL line, TIL 1200 (Shilyansky. J. et al, 1994), was used for this study This 
TIL line expresses TCR a/p, CD3 and CD8. 

RESULTS 

HLA-A2.1-restrlcted killing of melanoma tumor cells by TIL 1200 corresponds to gp100 expression. 

Cytolytic activity of TIL 1 200 was analyzed using a panel of human melanoma cell lines. TIL 1 200 efficiently 
lysed HLA-A2. r Mel 624 and MeWo melanoma tumor cells, which both express gpl 00. whereas no reactivity 
towards HU\-A2.1- gp100* Mel 397 cells was seen. It is interesting to note that we observed that HLA-A2 1+ 
BLM melanoma cells are also resistant to lysis by TIL 1200. Furthermore, HLA-A2.r EBV-transformed B cells 
(JY). which also lackgplOO expression, and K562 cells, were not lysed by TIL 1200. Together these data dem- 
onstrate that TIL 1200 displays HLA-A2.1 -restricted killing which correlates with gp100 expression 
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TIL 1200 recognizes HLA-A2.1^gp100^transfectants. 

EL4 cells cotransfected with a genomic fragment encoding HLA-A2.1 together with a plasmid conferring 
hygromycine resistance were selected and analyzed by flow cytometry. HLA-A2.1 expressing cells were sul>- 

5 sequently transfected with pBJ1-gp100neo, which encodes gp100 and confers resistance to G418. Stable 
transfectants were selected and were screened for gp100 expression using mAb NKI/beteb. In collaboration 
with P. Coulie a similar panel of transfectants was generated in murine P815 cells (P815 A2.1 and p815 
A2.1/gp1 00). Using these murine transfectants as target cells in chromium release assay, we clearly observed 
gp100 specific lysis by TIL 1200. The percent specif ic lysis (25-35%, EfT 30:1 ) of murine EL4 A2.1/gp100 and 

10 P81 5 A2.1/gp1 00 transfectants by TIL 1 200 was somewhat lower compared with that observed with HLA-A2. 1"" 
gplOO^" human melanoma cells (45-60%, E/T 30:1). This difference may be explained by nonmatched acces- 
sory molecules between human TIL's and murine transfectants. To overcome this we Introduced the gp100 
antigen into human HLA-A2.1'^ gp100" BLM melanoma cells by transfection of pBJI-gplOOneo. Stable BLM 
gp100 clones were tested In chromium release assays using TIL 1200. BLM gplOO clones proved to be as sen- 

15 sitive to lysis by TIL 1200 as Mel 624 and MeWo cells which express the gp100 antigen endogenously. The 
gp100 specificity of TIL 1200 was further demonstrated by the absence of lysis of G418-resistant BLM cells 
not expressing gplOO, excluding the possibility that neomycin-derived peptides are recognized. 

EXAMPLE 3 

20 

Mapping of gplOO epitopes recognized by TIL 1200 using gplOO deletion mutants. 

Basically, two methods are commonly used in the art to map epitopes recognized by anti-tumor CTL. 

1 . According to the HLA binding motifs peptides can be synthesized that reside in the target protein. These 
25 peptides can then be loaded onto cells bearing the appropriate restriction element, and used as targets 

for CTL. 

2. Generation of deletion mutants and expression of these deletion mutants in for example COS-7 cells 
together with the appropriate restriction element. These transfected cells are then co-cultured with CTL 
and target cell lysis or TNF-oyiFNy production by the CTL are measured. Transfectants not recognized by 

30 the CTL do not express the peptide. 

Both methods have been done in search for the epitopes of the invention. 

TiL 1200 mediated lysis of peptide loaded T2 cells. 

35 We have chemically synthesized gplOO peptides potentially recognized by TIL 1200. Peptides were syn- 

thesized by a solid phase strategy on an automated multiple peptide synthesizer (Abimed AMS 422) using 
Fmoc-chemistry (Nijman, 1993). Actual binding of the peptides to HLA-A2.1 was established with a recently 
described peptide binding assay making use of processing defective T2 cells (Nijman, 1993). This analysis re- 
sulted in the identification of gplOO derived peptides that strongly bind to HUV-A2.1. Subsequently, T2 cells 

40 loaded with the peptides that strongly bind to HLA-A2.1 were subjected to lysis by TIL 1200 using a standard 
chromium release assay. In this way the peptide L-L-D-G-T-A-T-L-R-L has been identified according to this 
procedure. 

EXAMPLE 4 

45 

gplOO Epitope Identified by deletion mapping 

GplOO cDNAwas inserted into expression vectors pBJIneo, pCMVneo (Baker et al, 1990) and pSVL For 
the generation of a gp100 cDNA lacking the coding sequences for the peptide 457-466, PCR reactions were 

50 performed with the following combinations of oligonucleotides: 

5'-CATGGAAGTGACTGTCTACC-3' / 5'-CTGAGCGAATTCGGAACCTGTAATACTTTCCG-3', and 5'- 
CTGAGCGAATTCGTGAAGAGACAAGTCCCCC-3' / 5'-TCACAGCATCATATGAGAGTAC-3' using the full 
length gplOO cDNA as atemplate. PCR products were digested with Eco Ri, ligated and served as a template 
for a nested PCR using the following primers: 5'-GCACAGGCCAACTGCAGA -3' / 5'-TTCAGTATCTGGTG- 

55 CAGAAC-3'. The Kpn l-CIa I fragmentfrom this PCR product was then exchanged with the corresponding frag- 
ment in pCMVgplOOneo to generate pCMVgp100DEL454-481neo. GplOO cDNA mutants DEL149-654 and 
DEL454-654 were obtained by deletion of the 1.7 kb Hind 111 and the 0.8 kb Eco RI fragments from 
pBJ1gp100DEL454-481neo, respectively. GplOO cDNA mutants DEL100-654, DEL194-528 and DEL167-508 
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were obtained by deletion of the Bgl l-Sac I, Bamh Hl-8gl It and Apa l-Nsi I fragmnets from pSVLgplOO re- 
spectively. 

BLM cells were transfected with 20 ^g of pCMVgp100DEL454-481 neo DNA according to the clacium phos- 
phate coprecipitation procedure (Graham and van der Eb, 1973) using Calciumphosphate Transfection Sys- 
tems (BRL, Gaithersburg, MD) and were sleeted with 1 mg/ml G418 (Gibco, Paisley. Scotland UK). 

COS-7 cells were contransfected with 5 ^g of pBJ1 HLA-A2. 1 neo and 5 ng of pBJ1 or pSVL plasmlds con- 
taining either full length or deleted gp100 cDNAs using the DEAE-dextran/chloroquine method (Seed and Ar- 
uffo 1987). After 48 hours of transfection COS-7 cells were used as stimulator cells in IFN-y release experi- 
ments. 



Release assays 



Chromium release assays were performed as in Example 2. 

For IFN- release assya lO^ TIL 1200 responder cells were incubated together with 5-1 0* transiently trans- 
fected COS-7 stimulator cells in 300 ^l medium in the presence of 100 U/ml IL-2 in a flat bottom 96 well mi- 
crotiter plate. After 24 hours of incubation, 1 00 ^l of supernatant was harvested and was screened for the pres- 
ence of IFN-y using a hlFN-y-IRMA immunoradlometric assay kit (megenix Diagnostics SA, Fleurus, Belgium). 

Results 



Figure 3A shows the gp100 cDNA deletion mutants that were generated. As shown in Figure 3B, TIL 1200 
specifically secreted IFN-y when stimulated with COS-7 cells transfected with HLA-A2.1 and the full length 
gp100 cDNA. Again TIL 1200 reactivity was observed against the gp100DEL454-481 mutant From the other 
gplOO deletion mutants, only the DEKL100-661 and DEL149-681 constructs were not recognized, thereby ex- 
cluding the possibility that TIL 1200 was reactive with a peptide located N-terminal from amino acid position 
148 in the gpl 00 protein. Also the C-terminal region of the gplOO protein protein could be excluded, because 
TIL 1200 reactivity could be observed using a mutant construct, DEL454-661, encoding the first 453 amino 
acids of gp100. From the observation that a construct coding within this N-terminal region upto amino acid 
166 was able to stimulate TIL 1200 (DELI 67-508), it was concluded that the epitope recognized was located 
between amino acids 148-166 of the gplOO protein. 

HLA-A2.1 binding 



Several motifs have been described for 9-mer or 1 0-mer peptides binding to HLA-A2.1 (Falk et al., 1991; 
Hunt et al., 1992; Ruppert et al., 1993) that were deduced from naturally processed and synthetic HLA-A2.1 
binding peptides. The 148-166 region of the gp100 protein was screened against these motifs and a number 
of peptides were synthesized that fitted into a somewhat broader motif, including threonine residues at position 
two. These peptides were loaded onto HLA-A2.r T2 cells and tested for their ability to induce TIL 1200 medi- 
ated target cell lysis (Figure 4A). The five tested peptides were all able to sensitize T2 cells for lysis by TIL 
1200 when used at a concentration of 10 ^g/ml. All these peptides contain the 8-mer peptide TWGQYWQV, 
corresponding to gpl 00 amino acids 1 55-162. All peptides were titrated to evaluate their relative ability to sen- 
sitize T2 target cells for lysis by TIL 1200. Figure 4B shows that the 9-mer peptide KTWGQYWQV can be rec- 
ognized by TIL 1200 when applied at a concentration of 3 ng/ml, whereas the other peptides had to be applied 
at higher concentrations. 

A comparison was made of the peptides KTWGQYWQV (gpl 00 amino acids 155-162), LLDGTATLRL 
(gp100 amino acids 457-466) and YLEPGPVTA (gp100 amino acids 280-288, identified by Cox et al., 1994) 
with three known viral epitopes presented in HLA-A2.1: the influenza matrix 58-66 peptide (Gotch et al.,'l987), 
the HIV polymerase 510-518 peptide (Tsomides et al., 1991) and the HIV gp120 197-205 peptide (Dadaglio 
et al., 1991). The HLA-A2.1 binding capacity of the above mentioned epitopes was analyzed by means of an 
indirect binding assay using the processing defective cell line T2 (Nijman et al., 1993). Shortly: T2 cells were 
incubated with 12.5 ng of the epitopes. HLA-A2.1 stabilization at the cell surface was determined by flow cy- 
tometry using mAb BB7.2. The Fluorescence Index is expressed as the experimental mean fluorescence div- 
ided by the mean fluorescence that is obtained when T2 cells are incubated with a HLA-A2.1 non-binding pep- 
tide at a similar concentration. 

Using this assay, a similar HLA-A2. 1 stabilization with the gpl 00 280-288 epitope and the tested viral epit- 
opes. Both epitopes of the invention (KTWGQYWQV and LLDGTATLRL) bind with a somewhat lower affinity 
to HLA-A2.1 (Figure 5). From this it is concluded that the gp100 epitopes bind to HLA-A2.1 with distinct affin- 
ities. 
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SEQUENCE LISTING 

GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: Akzo N.V, 

(B) STREET: Velperweg 76 

(C) CITY: Amhem 

(E) COUNTRY: The Netherlands 

(F) POSTAL CODE (ZIP) : 6824 BM 

(G) TELEPHONE: 04120 - 66204 

(H) TELEFAX: 04120 - 50592 

(I) TELEX: 37503 akpha nl 

(ii) TITLE OF INVENTION: Melanoma associated antigenic 

polypeptide, epitopes thereof and vaccine against 
melanoma . 

(iii) NUMBER OF SEQUENCES: 19 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release #1-0, Version #1.25 (EPO) 



INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2115 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: doilble 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 
(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(F) TISSUE TYPE: Melanoma 

(G) CELL TYPE: Melanocyte 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 22.. 2005 



(ix) FEATURE: 

(A) NAME/KEY: misc_signal 

(B) LOCATION: 1..81 

(ix) FEATURE: (A) NAME/KEY: misc_feature 

(B) LOCATION: 1792.. 1870 

(D) OTHER INFORMATION: /function= "transmembrane region" 
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(ix) FEATURE: (A) NAME/KEY: misc^ 

(B) LOCATION: 262,, 264 

(D) OTHER INFORMATION: /bound_moiety= 



binding 
••carbohydrate " 



10 



15 



20 



(ix) FEATURE: 

(A) NAME/KEY: inisc_binding 

(B) LOCATION: 337.. 339 

(D) OTHER INFORMATION: /bound_inoiety= "carbohydrate" 

(ix) FEATURE: 

(A) NAME/KEY: inisc_binding 

(B) LOCATION: 352.. 354 

(D) OTHER INFORMATION: /bound_moiety= "carbohydrate" 

(ix) FEATURE: 

(A) NAME/KEY: niisc_binding 

(B) LOCATION: 982.. 984 
(D) OTHER INFORMATION: /bound_moiety= 



'carbohydrate" 



(ix) FEATURE: 

(A) NAME/KEY: misc_binding 

(B) LOCATION: 1723.. 1725 

(D) OTHER INFORMATION: /bound_moiety= 



' carbohydrate " 



25 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
CGCGGAATCC GGAAGAACAC A ATG GAT CTG GTG CTA AAA AGA TGC CTT CTT 

Met Asp Leu Val Leu Lya Arg Cys Leu Leu 
15 10 



51 



30 



35 



40 



45 



CAT TTG GCT GTG ATA GGT GCT TTG CTG GCT GTG GGG GCT ACA AAA GTA 99 
His Leu Ala Val lie Gly Ala Leu Leu Ala Val Gly Ala Thr Lys Val 

15 20 25 

CCC AGA AAC CAG GAC TGG CTT GGT GTC TCA AGG CAA CTC AGA ACC AAA 147 
Pro Arg Asn Gin Asp Trp Leu Gly Val Ser Arg Gin Leu Arg Thr Lys 
30 35 40 

GCC TGG AAC AGG CAG CTG TAT CCA GAG TGG ACA GAA GCC CAG AGA CTT 195 
Ala Trp Asn Arg Gin Leu Tyr Pro Glu Trp Thr Glu Ala Gin Arg Leu 
45 50 55 

GAC TGC TGG AGA GGT GGT CAA GTG TCC CTC AAG GTC AGT AAT GAT GGG 243 
Asp Cys Trp Arg Gly Gly Gin Val Ser Leu Lys Val Ser Asn Asp Gly 
60 65 70 

CCT ACA CTG ATT GGT GCA AAT GCC TCC TTC TCT ATT GCC TTG AAC TTC 291 
Pro Thr Leu lie Gly Ala Asn Ala Ser Phe Ser lie Ala Leu Asn Phe 
75 80 85 90 

CCT GGA AGC CAA AAG GTA TTG CCA GAT GGG CAG GTT ATC TGG GTC AAC 339 
Pro Gly Ser Gin Lys Val Leu Pro Asp Gly Gin Val lie Trp Val Asn 

95 100 105 



50 



55 
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20 



25 



5 AAT ACC ATC ATC AAT GGG AGC CAG GTG TGG GGA GGA CAG CCA GTG TAT 387 
Asn Thr lie He Asn Gly Ser Gin Val Trp Gly Gly Gin Pro Val Tyr 
0 115 120 

CCC CAG GAA ACT GAC GAT GCC TGC ATC TTC CCT GAT GGT GGA CCT TGC 435 
Pro Gin Glu Thr Asp Asp Ala Cys He Phe Pro Asp Gly Gly Pro Cys 
10 125 130 135 

CCA TCT GGC TCT TGG TCT CAG AAG AGA AGC TTT GTT TAT GTC TGG AAG 483 
Pro Ser Gly Ser Trp Ser Gin Lys Arg Ser Phe Val Tyr Val Trp Lys 
140 145 3^5Q 

15 ACC TGG GGC CAA TAC TGG CAA GTT CTA GGG GGC CCA GTG TCT GGG CTG 531 
Thr Trp Gly Gin Tyr Trp Gin Val Leu Gly Gly Pro Val Ser Gly Leu 

160 165 170 

AGC ATT GGG ACA GGC AGG GCA ATG CTG GGC ACA CAC ACC ATG GAA GTG 579 
Ser He Gly Thr Gly Arg Ala Met Leu Gly Thr His Thr Met Glu Val 

175 180 185 

ACT GTC TAC CAT CGC CGG GGA TCC CGG AGC TAT GTG CCT CTT GCT CAT 627 
Thr Val Tyr His Arg Arg Gly Ser Arg Ser Tyr Val Pro Leu Ala His 
190 195 200 

TCC AGC TCA GCC TTC ACC ATT ACT GAC CAG GTC CCT TTC TCC GTG AGC 675 
Ser Ser Ser Ala Phe Thr He Thr Asp Gin Val Pro Phe Ser Val Ser 

205 210 215 

GTG TCC CAG TTG CGG GCC TTG GAT GGA GGG AAC AAG CAC TTC CTG AGA 723 

^^P Asn Lys His Phe Leu Arg 

220 225 230 

AAT CAG CCT CTG ACC TTT GCC CTC CAG CTC CAT GAC CCC AGT GGC TAT 771 
Asn Gin Pro Leu Thr Phe Ala Leu Gin Leu His Asp Pro Ser Gly Tyr 
235 240 245 250 

^ '^^^ TGG GAC TTT GGA GAC AGT AGT 819 

Leu Ala Glu Ala Asp Leu Ser Tyr Thr Trp Asp Phe Gly Asp Ser Ser 

255 260 265 

f^^ ^ ^'^^ ACT CAT ACT TAC CTG GAG 867 

Gly Thr Leu He Ser Arg Ala Leu Val Val Thr His Thr Tyr Leu Glu 
270 275 280 

CCT GGC CCA GTC ACT GCC CAG GTG GTC CTG CAG GCT GCC ATT CCT CTC 915 
Pro Gly Pro Val Thr Ala Gin Val Val Leu Gin Ala Ala He Pro LeS 
285 290 295 

ACC TCC TGT GGC TCC TCC CCA GTT CCA GGC ACC ACA GAT GGG CAC AGG 963 
Thr Ser Cys Gly Ser Ser Pro Val Pro Gly Thr Thr Asp Sy Sis Arg 

•^00 305 210 

CCA ACT GCA GAG GCC CCT AAC ACC ACA GCT GGC CAA GTG CCT ACT ACA 1011 
Pro Thr Ala Glu Ala Pro Asn Thr Thr Ala Gly Gin Val Pro Thr 
^ 320 325 330 



30 



35 



40 



45 



55 
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20 



5 GAA GTT GTG GGT ACT ACA CCT GGT CAG GCG CCA ACT GCA GAG CCC TCT 1059 
Glu Val Val Gly Thr Thr Pro Gly Gin Ala Pro Thr Ala Glu Pro Ser 

335 340 345 

GGA ACC ACA TCT GTG CAG GTG CCA ACC ACT GAA GTC ATA AGC ACT GCA 1107 
Gly Thr Thr Ser Val Gin Val Pro Thr Thr Glu Val lie Ser Thr Ala 
350 355 360 

CCT GTG CAG ATG CCA ACT CCA GAG AGC ACA GGT ATG ACA CCT GAG AAG 1155 
Pro Val Gin Met Pro Thr Ala Glu Ser Thr Gly Met Thr Pro Glu Lys 
365 370 375 

GTG CCA GTT TCA GAG GTC ATG GGT ACC ACA CTG GCA GAG ATG TCA ACT 1203 
Val Pro Val Ser Glu Val Met Gly Thr Thr Leu Ala Glu Met Ser Thr 
380 385 390 

CCA GAG GCT ACA GGT ATG ACA CCT GCA GAG GTA TCA ATT GTG GTG CTT 1251 
Pro Glu Ala Thr Gly Met Thr Pro Ala Glu Val Ser lie Val Val Leu 
395 400 405 410 

TCT GGA ACC ACA GCT GCA CAG GTA ACA ACT ACA GAG TGG GTG GAG ACC 1299 
Ser Gly Thr Thr Ala Ala Gin Val Thr Thr Thr Glu Trp Val Glu Thr 

415 420 425 

ACA GCT AGA GAG CTA CCT ATC CCT GAG CCT GAA GGT CCA GAT GCC AGC 1347 
Thr Ala Arg Glu Leu Pro lie Pro Glu Pro Glu Gly Pro Asp Ala Ser 
430 435 440 

TCA ATC ATG TCT ACG GAA AGT ATT ACA GGT TCC CTG GGC CCC CTG CTG 1395 
Ser lie Met Ser Thr Glu Ser lie Thr Gly Ser Leu Gly Pro Leu Leu 
445 450 455 

GAT GGT ACA GCC ACC TTA AGG CTG GTG AAG AGA CAA GTC CCC CTG GAT 1443 
Asp Gly Thr Ala Thr Leu Arg Leu Val Lys Arg Gin Val Pro Leu Asp 
460 465 470 

TGT GTT CTG TAT CGA TAT GGT TCC TTT TCC GTC ACC CTG GAC ATT GTC 1491 
Cys Val Leu Tyr Arg Tyr Gly Ser Phe Ser Val Thr Leu Asp lie Val 
475 480 485 490 

CAG GGT ATT GAA AGT GCC GAG ATC CTG CAG GCT GTG CCG TCC GGT GAG 1539 
40 Gin Gly He Glu Ser Ala Glu He Leu Gin Ala Val Pro Ser Gly Glu 

495 500 505 

GGG GAT GCA TTT GAG CTG ACT GTG TCC TGC CAA GGC GGG CTG CCC AAG 1587 
Gly Asp Ala Phe Glu Leu Thr Val Ser Cys Gin Gly Gly Leu Pro Lys 
510 515 520 



25 



30 



35 



45 



50 



GAA GCC TGC ATG GAG ATC TCA TCG CCA GGG TGC CAG CCC CCT GCC CAG 1635 
Glu Ala Cys Met Glu He Ser Ser Pro Gly cys Gin Pro Pro Ala Gin 
525 530 535 

CGG CTG TGC CAG CCT GTG CTA CCC AGC CCA GCC TGC CAG CTG GTT CTG 1683 
Arg Leu Cys Gin Pro Val Leu Pro Ser Pro Ala Cys Gin Leu Val Leu 
540 545 550 



55 
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20 



25 



30 



CAC CAG ATA CTG AAG GGT GGC TCG GGG ACA TAG TGC CTC AAT GTG TCT 1731 
His Gin lie Leu Lys Gly Gly Ser Gly Thr Tyr Cys Leu Asn Val Ser 
555 560 565 570 

CTG GCT GAT ACC AAC AGC CTG GCA GTG GTC AGC ACC CAG CTT ATC ATG 1779 
Leu Ala Asp Thr Asn Ser Leu Ala Val Val Ser Thr Gin Leu He Met 

575 580 585 

CCT GGT CAA GAA GCA GGC CTT GGG CAG GTT CCG CTG ATC GTG GGC ATC 1827 
Pro Gly Gin Glu Ala Gly Ijeu Gly Gin Val Pro Leu He Val Gly He 
590 595 600 

TTG CTG GTG TTG ATG GCT GTG GTC CTT GCA TCT CTG ATA TAT AGG CGC 1875 
Leu Leu Val Leu Met Ala Val Val Leu Ala Ser Leu lie Tyr Arg Arg 
605 610 615 

AGA CTT ATG AAG CAA GAC TTC TCC GTA CCC CAG TTG CCA CAT AGC AGC 1923 
Arg Leu Met Lys Gin Asp Phe Ser Val Pro Gin Leu Pro His Ser Ser 
620 625 630 

AGT CAC TGG CTG CGT CTA CCC CGC ATC TTC TGC TCT TGT CCC ATT GGT 1971 
Ser His Trp Leu Arg Leu Pro Arg He Phe Cys Ser Cys Pro He Gly 
635 640 645 650 

GAG AAT AGC CCC CTC CTC AGT GGG CAG CAG GTC T GAGTACTCTC 2015 
Glu Asn Ser Pro Leu Leu Ser Gly Gin Gin Val 

655 660 

ATATGATGCT GTGATTTTCC TGGAGTTGAC AGAAACACCT ATATTTCCCC CAGTCTTCCC 207 

TGGGAGACTA CTATTAACTG AAATAAATAC TCAGAGCCTG 2115 



(2) INFORMATION FOR SEQ ID NO: 2: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 661 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



40 



45 



50 



(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Asp Leu Val Leu Lys Arg Cys Leu Leu His Leu Ala Val He Glv 
1 5 10 15 

Ala Leu Leu Ala Val Gly Ala Thr Lys Val Pro Arg Asn Gin Asp Trp 
20 25 30 

Leu Gly Val Ser Arg Gin Leu Arg Thr Lys Ala Trp Asn Arg Gin Leu 
35 40 45 

Tyr Pro Glu Trp Thr Glu Ala Gin Arg Leu Asp Cys Trp Arg Gly Gly 
50 55 60 



55 
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Gin Val 
65 

Asn Ala 

Leu Pro 

Ser Gin 

Ala Cys 
130 

Gin Lys 
145 

Gin Val 
Ala Met 
Gly Ser 



Ser Leu 

Ser Phe 

Asp Gly 
100 

Val Trp 
115 

He Phe 
Arg Ser 
Leu Gly 



Lys Val 
70 

Ser He 
85 

Gin Val 

Gly Gly 

Pro Asp 

Phe Val 
150 

Gly Pro 
165 



Ser Asn Asp Gly 



Ala Leu Asn Phe 
90 

He Trp Val Asn 
105 

Gin Pro Val Tyr 
120 

Gly Gly Pro Cys 
135 



Pro Thr Leu He Gly Ala 

75 ao 

Pro Gly Ser Gin Lys Val 

95 

Asn Thr He He Asn Gly 
110 

Pro Gin Glu Thr Asp Asp 
125 

Gly Ser Trp Ser 



Pro Ser 
140 



Tyr Val Trp Lys Thr Trp 

155 



Gly Gin Tyr Trp 
160 



Leu Gly 
180 



Arg Ser 
195 



He Thr 
210 

Leu Asp 

225 

Ala Leu 
Ser Tyr 
Ala Leu 



Asp Gin 
Gly Gly 
Gin Leu 



Thr Trp 
260 

Val Val 
275 



Gin Val 
290 

Pro Val 
305 

Asn Thr 
Pro Gly 
Val Pro 



Val Leu 
Pro Gly 
Thr Ala 



Thr His 
Tyr Val 
Val Pro 

Asn Lys 

230 

His Asp 
245 

Asp Phe 
Thr His 
Gin Ala 



Val Ser Gly Leu 
170 

Thr Met Glu Val 
1B5 

Pro Leu Ala His 
200 

Phe Ser Val Ser 
215 



Ser He Gly Thr Gly Arg 

175 

Thr Val Tyr His Arg Arg 
190 

Ser Ser Ser Ala Phe Thr 
205 



Val Ser 
220 



Gin Leu Arg Ala 



His Phe Leu Arg Asn Gin 

235 



Pro Ser Gly Tyr 
250 

Gly Asp Ser Ser 
265 

Thr Tyr Leu Glu 
280 



Pro Leu Thr Phe 
240 

Leu Ala Glu Ala Asp Leu 

255 

Gly Thr Leu He Ser Arg 
270 

Pro Gly Pro Val Thr Ala 
285 



Ala He Pro Leu 
295 



Thr Ser 
300 



Cys Gly Ser Ser 



Gin Ala 
340 

Thr Thr 
355 



Thr Thr 
310 

Gly Gin 
325 

Pro Thr 
Glu Val 



Asp Gly His Arg Pro Thr 

315 



Val Pro Thr Thr 
330 

Ala Glu Pro Ser 
345 

He Ser Thr Ala 
360 



Ala Glu Ala Pro 
320 

Glu Val Val Gly Thr Thr 

335 

Gly Thr Thr Ser val Gin 
350 

Pro val Gin Met Pro Thr 
365 
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Ala Glu Ser Thr Gly Met Thr Pro Glu Lys Val Pro Val Ser Glu Val 



370 



375 



380 



Met Gly Thr Thr Leu Ala Glu Met Ser Thr Pro Glu Ala Thr Gly Met 



385 



390 



400 



Thr pro Ala Glu Val Ser He Val Val Leu Ser Gly Thr Thr Ala Ala 

405 

Gin val Thr Thr Thr Glu Trp Val Glu Thr Thr Ala Arg Glu Leu Pro 
420 *25 430 

lie pro Glu pro Glu Gly Pro Asp Ala Ser Ser He Met Ser Thr Glu 
435 440 

Ser He Thr Gly Ser Leu Gly Pro Leu Leu Asp Gly Thr Ala Thr Leu 
450 455 460 

Arg Leu Val Lys Arg Gin Val Pro Leu Asp Cys Val Leu Tyr Arg Tyr 

475 '»ou 



465 



470 



Gly ser Phe Ser Val Thr Leu Asp He Val Gin Gly He Glu Ser Ala 

485 490 4y=> 

Glu He Leu Gin Ala Val Pro Ser Gly Glu Gly Asp Ala Phe Glu Leu 



500 



505 



510 



Thr val ser Cys Gin Gly Gly Leu Pro Lys Glu Ala Cys Met Glu He 

520 525 



515 



ser Ser Pro Gly Cys Gin Pro Pro Ala Gin Arg Leu Cys Gin Pro Val 

535 540 



530 



Leu 
545 



Pro ser Pro Ala Cys Gin Leu Val Leu His Gin He Leu Lys Gly 

555 560 



550 



Gly ser Gly Thr Tyr Cys Leu Asn Val Ser Leu Ala Asp Thr Asn Ser 

565 570 575 

Leu Ala val Val Ser Thr Gin Leu He Met Pro Gly Gin Glu Ala Gly 



580 



585 



590 



Leu Gly Gin Val Pro Leu He Val Gly He Leu Leu Val Leu Met Ala 
595 600 605 

val val Leu Ala Ser Leu He Tyr Arg Arg Arg Leu Met Lys Gin Asp 
610 615 620 

Phe Ser Val Pro Gin Leu Pro His Ser Ser Ser His Trp Leu Arg Leu 
625 630 635 640 

Pro Arg He Phe Cys Ser Cys Pro He Gly Glu Asn Ser Pro Leu Leu 
^ 645 *?«^n 655 

Ser Gly Gin Gin Val 
660 



650 
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(2) INFORMATION FOR SEQ ID NO: 3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA to mRNA 
(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(ix) FEATURE: (A) NAME/KEY: CDS 

(B) LOCATION: 1..30 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CTG CTG GAT GGT ACA GCC ACC TTA AGG CTG 30 
Leu Leu Asp Gly Thr Ala Thr Leu Arg Leu 
15 10 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 
35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Leu Leu Asp Gly Thr Ala Thr Leu Arg Leu 
15 10 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 
50 (iii) ANTI-SENSE: NO 



(ix) FEATURE: (A) NAME/KEY: CDS 

(B) LOCATION: 1..30 

55 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

GTA TTG CCA GAT GGG CAG GTT ATC TGG GTC 30 
Val Leu Pro Asp Gly Gin Val He Trp Val 
15 10 



10 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

15 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Val Leu Pro Asp Gly Gin Val He Trp Val 
1 5 10 



(2) INFORMATION FOR SEQ ID NO: 7: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA to mRNA 
(iii) HYPOTHETICAL: NO 



(iv) ANTI-SENSE: NO 

35 

(vi) ORIGINAL SOURCE: 

(F) TISSUE TYPE: Melanoma 

(G) CELL TYPE: Melanocyte 

(ix) FEATURE: (A) NAME/KEY: CDS 

40 (B) LOCATION: 1. .24 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

ACC TGG GGC CAA TAC TGG CAA GTT 24 
^ Thr Trp Gly Gin Tyr Trp Gin Val 
1 5 



50 
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(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Thr Trp Gly Gin Tyr Trp Gin Val 
1 5 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA to mRNA 
25 (iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(vi) ORIGINAL SOURCE: 

(F) TISSUE TYPE: Melanoma 

(G) CELL TYPE: Melanocyt 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION:1..36 

(ix) FEATURE: 

(A) NAME/KEY: protein_bind 

(B) LOCATION:!. .33 

(ix) FEATURE: 
40 (A) NAME/KEY: protein_bind 

(B) LOCATION:?. .36 

(ix) FEATURE: (A) NAME/KEY: protein_bind 

(B) LOCATION:?. .33 

(ix) FEATURE: 

(A) NAME/KEY: protein_bind 

(B) LOCATION: 10. .36 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
GTC TGG AAG ACC TGG GGC CAA TAG TGG CAA GTT CTA 36 

Val Trp Lys Thr Trp Gly Gin Tyr Trp Gin Val Leu 

15 10 



55 
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(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Val Trp Lys Thr Trp Gly Gin Tyr Trp Gin Val Leu 
15 10 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(ix) FEATURE: 

(A) NAME/KEY: misc_feature 

(B) LOCATION: 7.. 12 

(D) OTHER INFORMATION: /label= EcoRI-site 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
TATCTAGAAT TCTGCACCAG ATACTGAAG 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(ix) FEATURE: (A) NAME/KEY: misc_feature 

(B) LOCATION: 7. ,12 

(D) OTHER INFORMATION: /label= EcoRI-site 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
TATCTAGAAT TCTGCAAGAT GCCCACGATC AG 
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5 (2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



15 



20 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CTTCTTGACC AGGCATGATA 20 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
TGTGAGAAGA ATCCCAGGCA 20 
(2) INFORMATION FOR SEQ ID NO: 15: 



30 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

35 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

40 

GCTTATCATG CCTGTGCCTG GATTCTTCTC ACAGGT 36 
(2) INFORMATION FOR SEQ ID NO: 16: 

45 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

50 (ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
CATGGAAGTG ACTGTCTACC 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
CTGAGCGAAT TCGGAACCTG TAATACTTTC CG 
(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
CTGAGCGAAT TCGTGAAGAG ACAAGTCCCC C 
(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
TCACAGCATC ATATGAGAGT AC 
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Claims 

1. Melanoma associated antigen, characterized in that it comprises the aminoacid sequence of SEQ ID NO: 
2. 

2. Nucleotide sequence, characterized In that it comprises a nucleotide sequence encoding the antigen ac- 
cording to claim 1. 

3. Nucleotide sequence according to claim 2, characterized in that it comprises the nucleotide sequence of 
10 SEQIDN0:1. 

4. Immunogenic peptide, characterized in that it comprises an immunogenic fragment of the antigen accord- 
ing to claim 1. 

15 5. Immunogenic peptide, characterized In that It comprises the amino acid sequence selected from the group 
consisting of L-L-D-G-T-A-T-L-R-L, V-L-P-D-G-Q-V-l-W-V, T-W-G-Q-Y-W-Q-V, V-W-K-T-W-G-Q-Y-W-Q- 
V, K-T-W-G-Q-Y-W-Q-V-L, K-T-W-G-Q-Y-W-Q-V and T-W-G-Q-Y-W-Q-V- L. 

6. Nucleotide sequence, characterized in that it comprises a nucleotide sequence encoding the peptide ac- 
20 cording to claim 5. 

7. Nucleotide sequence according to claim 6, characterized in that it comprises the nucleotide sequence se- 
lected from the group consisting of the sequences of SEQ ID NO: 3, 5, 7 and 9. 

25 8. Test kit for the detection of melanoma cells, characterized in that it comprises one or two primers and a 
labeled probe directed to the nucleotide sequence according to claim 2 or 3 or its complementary se- 
quence. 

9. Method for the detection of melanoma cells, characterized in that It comprises the steps of: 
30 a. obtaining a sample from a patient; 

b. subjecting the sample to amplification of the nucleotide sequence according to claim 2 or 3 or a part 
of said sequence; 

c. reacting amplified nucleic acid with a complementary labelled probe; 

d. detecting the label. 



35 



10. Cloning vehicle comprising the nucleotide sequence of any one of claims 2, 3, 6or 7. 



11. Host cell characterized in that it is transfected or transformed with the cloning vehicle according to claim 
10, preferably cotransfected with a cloning vehicle comprising the nucleotide sequence coding for an MHO 

40 class I allele. 

12. Host cell according to claim 11, characterized in that the host cell is selected from the group consisting 
of murine EL4 and P8.15 cells and human BLM cells. 

45 13. Host cell according to claim 11 or 12, characterized in that it is an antigen presenting cell. 

14. Host cell according to any of claims 11-13, characterized in that it also produces co-stimulating molecules. 

15. Vaccine characterized in that it comprises the antigen according to claim 1 or an epitope thereof. 

50 

16. Vaccine, characterized in that it comprises the peptide according to claim 4. 

17. Vaccine according to claim 26, characterized in that it comprises the peptide according to claim 5. 

55 18. Vaccine according to any of claims 15 to 17, characterized in that the peptide is mixed with a phanna- 
ceutically acceptable carrier or diluent. 

19. Vaccine according to any of claims 15 to 17, characterized in that it comprises an antigen presenting cell, 

31 
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which has been preloaded with the peptide. 

20. Vaccine, characterized in that it comprises host cells according to any of claims 11 to 13. 

5 21. Vaccine, characterized in that it comprises the nucleotide sequence according to any of claims 2, 3, 6 or 
7. 

22. Vaccine, characterized In that it comprises the T cell receptor against the peptides according to any of 
claims 1 , 4 or 5 or cells expressing said T cell receptor. 

10 

23. Vaccine according to any of claims 1 5 to 22, characterized in that it also comprises one or more compounds 
selected from the group consisting of an adjuvant, one or more cytokines, antibodies directed against CD2, 
CD3, CD27, CD28 or other T cell surface antigens and helper epitopes to stimulate CD4+ or CD8+ T cells. 

15 24. Method for the generation of antigen reactive tumor Infiltrating lymphocytes, characterized in that it com- 
prises the steps of: 

a. taking a sample of a melanoma from a patient; 

b. isolating the tumor infiltrating lymphocytes from the sample; 

c. reacting said lymphocytes with the antigen according to claim 1; 
20 d. isolating the lymphocytes binding to said antigen. 

25. Tumor infiltrating lymphocytes characterized in that they are capable of binding to the antigen according 
to claim 1. 

25 26. Melanoma cells capable of expression of the antigen according to claim 1 , characterized in that they have 
been transfected with a cloning vehicle having a nucleotide sequence coding for a lymphokine. 

27. Vaccine, characterized in that it comprises tumor infiltrating lymphocytes according to claim 25 and/or 
the melanoma cells according to claim 26. 

30 

28. Conjugate of a peptide and a detectable marker, characterized in that the peptide according to any of 
claims 1 , 4 or 5 is used. 

29. Conjugate according to claim 28, characterized in that the detectable marker is a radionuclide. 

35 

30. Antibody, characterized in that it is directed to the peptide according to claim 4 or 5. 

31. Vaccine, characterized in that it comprises the antibody according to claim 30. 

40 32. Method for monitoring immunotherapy, characterized in that the presence of antibodies directed to the 
peptide according claim 4 or 5, is detected from the serum of a patient. 

33. Kit for the detection of antibodies according to claim 30, characterized In that it comprises conjugates ac- 
cording to claim 28 or 29. 

45 



50 



55 



32 



EP 0 668 350 A1 



Figure 1 



Intron Size (nt) 


A 102 






aaacactaaataaaacaatqcctqcrqattcttctcacagGTCAAG 


A' 81 






gqgcaqctqqcaagcaqcaqacactqaqtqaagcagTGCCTGG 
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Figure 2 



# # 
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RPEl L *S S-***S 
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# # # # # 
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GplOO PQLPHSSSHWIJILPRI*FCSCPIGENSPLLSGQQV 

Pmell? * 

RPE 1 GRTQ WV* -R SK 

MMP115 AAPRCYPAFAAAPG-WGGSQWRKQ-PARANA- 
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A 

peptides: 



VWKTWGQYWQV (152-162) 
KTWGQYWQVL (154-163) 
KTWGQYWQV (154-162) 
TWGQYWQVL (155-163) 
TWGQYWQV (155-162) 
LLDGTATLRL (457-466) 
YLEPGPVTA (280-288) 




0 20 40 60 80 

specific lysis (%) 



B 




peptide concentration (|ig/ml) 



peptides: 
VWKTWGQYWQV 
KTWGQYWQVL 
KTWGQYWQV 
TWGQYWQVL 
TWGQYWQV 
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figure 4 



peptides: 

INF ma 58-66 
HIV pol 510-518 
HIV gpl20 197-205 
gplOO 154-162 
gplOO 280-288 
gplOO 457-466 
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